Introduction {#sec1_1}
============

The maxillary sinus in the adult consists of a pyramid-shaped cavity in the facial skull with its base at the lateral nasal wall and its apex extending into the zygomatic process of the maxilla \[[@B1]\]. The proximity of the maxillary sinus to the alveolar crest can be enhanced by sinus pneumatization, as well as resorption of the alveolar ridge due to tooth extraction, trauma or pathology. At the edentate stage of life, the size of the maxillary sinus increases further, often ﬁlling a large part of the alveolar process, leaving sometimes only a paper-thin bone wall on the lateral and occlusal sides. This process of pneumatization of the sinus varies greatly from person to person and even from side to side \[[@B2]\].

All the surgical interventions, such as endoscopic sinus surgery and sinus lift surgery, in the posterior maxillary region require detailed knowledge of maxillary sinus anatomy and possible anatomical variations. Detailed knowledge of the patient\'s morphological conditions allows exact planning of invasive surgery and helps to avoid complications \[[@B3],[@B4],[@B5],[@B6],[@B7],[@B8],[@B9]\]. The presence of anatomical variations within the maxillary sinus, such as septa, has been reported to increase the risk of sinus membrane perforation during the surgical sinus elevation procedure \[[@B6],[@B10],[@B11],[@B12]\]. Maxillary sinus septa were first described by Underwood \[[@B13]\] in 1910 as the walls of cortical bone within the maxillary sinus; the shape has been described as an inverted gothic arch arising from the inferior or lateral walls of the sinus, and may even divide the sinus into two or more cavities. The etiology of antral septa has been the subject of several hypotheses by various authors \[[@B6],[@B7],[@B14],[@B15]\]. Krennmair et al. \[[@B7]\] further classiﬁed the septa into primary and secondary septa, with the primary septa arising from the development of the maxilla, whereas the secondary septa were said to arise from the irregular pneumatization of the sinus ﬂoor following tooth loss. Evaluation of the anatomical structures inherent to the maxillary sinus is crucial for the success of sinus surgical procedures. Therefore, an exact and definitive radiological assessment is necessary \[[@B4],[@B16]\]. Dental panoramic radiography, computed tomography (CT) and cone beam computed tomography (CBCT) have all been used to identify the maxillary sinus septa \[[@B4],[@B5],[@B6],[@B7],[@B8],[@B9],[@B14],[@B15],[@B16],[@B17],[@B18]\]. CBCT is a technique that has been proposed for maxillofacial imaging during the last decade and was first reported on in the literature by Mozzo et al. \[[@B19]\]. In the last decade, CBCT has been recommended as an excellent, low-cost tool for the evaluation of these anatomical structures with only slightly more radiation than panoramic radiography and far less than a CT scan \[[@B20],[@B21],[@B22],[@B23]\].

Despite various studies which were conducted on height, prevalence and morphology of the maxillary sinus septa in adult patients, only very few studies \[[@B24],[@B25]\] were found for populations of children. Moreover, no study was conducted in our population especially in the mixed dentition stage. Hence, it was considered worthwhile to determine the prevalence, height, location and morphology of maxillary sinus septa in dentate, partially dentate and edentulous adults as well as in mixed dentition children and adolescents using CBCT.

Subjects and Methods {#sec1_2}
====================

The study was based on a retrospective evaluation of CBCT scans of 272 subjects (152 females, 120 males). In adult patients, CBCTs were taken for dental implant surgery, impacted third molar surgery or various cystic surgical operations in jaws while in children CBCTs were taken for the evaluation of impacted teeth and various cystic changes around impacted teeth. Our study population consisted of children in the mixed dentition stage (30 patients) and adult patients (242 patients).

The age range of the adult population was 17--83 years whereas that of the children was 6--10 years. Each right and left maxillary sinus was defined as segment. A total of 544 maxillary sinus segments were evaluated with CBCT.

The patient consent forms were prepared according to the principles of the Helsinki Declaration, including all amendments and revisions. The Institutional Review Board and the Ethics Committee reviewed and approved the informed consent form. Informed consent forms showed that the radiographs could be used for scientific studies. The consent forms were signed by the patients or their legal guardians. Subjects with evidence of current orthodontic treatment for erupted or supernumerary teeth overlying maxillary sinus septa or bone disease were excluded from the study.

CBCT scans were obtained using a Newtom 3G (Quantitative Radiology s.r.l., Verona, Italy). All images were recorded at 120 kVP and 3--5 mA using a 9-inch field of view, an axial slice thickness of 0.3 mm and isotropic voxels. The evaluations of maxillary sinus septum morphology, location and prevalence were done in axial, sagittal, cross-sectional and reconstructed panoramic images while 3-dimensional reconstructions were used as necessary (fig. [1](#F1){ref-type="fig"}). To avoid any errors in the localization of septa, the multiplanar reconstruction technique was used. Each maxillary sinus bearing a septum was divided into three portions: anterior = mesial to distal aspect of second premolar; middle = distal aspect of second premolar to distal aspect of second molar, and posterior = distal aspect of second molar. All examinations and measurements were done by a 12-year experienced oral and maxillofacial radiologist (K.O.). To detect the course and to measure the exact height of the septa in the sinus, 1-mm reconstructed panoramic images were used. The heights of the septa were measured in three regions along the course of the septa across the sinus ﬂoor: the lateral, middle and medial aspects based on previous studies \[[@B4],[@B5]\] (fig. [2](#F2){ref-type="fig"}). The mean of these measurements was set as the final measurement. Meanwhile, the angle between the direction of the septum and median palatine suture was also measured using axial images (fig. [2](#F2){ref-type="fig"}). All measurements were accomplished with software programmed for an automated image measuring tool. All measurements were done 3 times by the same observer (K.O.). The same observer also performed the study twices with an interval of 2 weeks in order to detect intraobserver variability. Statistical analyses were carried out using the SPSS version 12.0.1 (SPSS, Chicago, Ill., USA) software program. To assess intraobserver reliability, the Wilcoxon matched-pairs signed-ranks test was used for repeat measurements of the observer. Independent groups in the study were compared using the Mann-Whitney U test; the results were expressed as means ± standard deviation. Nonparametric data were compared using the Kruskal-Wallis test. The Pearson χ^2^ test was performed for statistical analysis among gender, age, localization and measurements (p \< 0.05).

Results {#sec1_3}
=======

The intraobserver consistency was rated at 96.9% between two measurements; hence there was no statistically significant difference between the two intraobserver measurements (p \> 0.05). The prevalence of maxillary sinus segments with septa was 58% (316/544) in 228 patients (50% in males and 44.8% in females). A total of 369 septa were found in the 544 maxillary segments. A hundred and sixty-six (44.9%) septa were identified on the right side, whereas 203 (55%) were on the left. There were a total of 13 (3.2%) septa of completely edentulous (CE), 198 (53.9%) septa of edentate and 14 (3.8%) septa of the mixed dentition maxillary segments. Primary septa were detected in 85 (23.3%) of the partially edentulous (PE) segments and there were also 59 (16.2%) secondary septa in PE patients. Septa were found unilaterally in 148 segments (40.1%) and bilaterally in 221 (59.8%) segments.

Although unilaterally, septa were most common (12 cases; 3.25%) in cases with mixed dentition, in patients with dentition bilaterally, septa were most frequently detected (85; 23%). Unilaterally 2 septa were detected in 4 (1.08%) CE cases, bilaterally 1 septum in 4 (1.08%) cases, bilaterally 2 septa on one side and 1 septum on the other side in 1 case (0.2%), unilaterally 3 septa in 2 individuals (0.4%) and bilaterally 3 septa in 2 CE cases (0.4%).

In the PE cases, septa were detected with the following distribution: unilaterally 1 septum was detected in 54 of 187 (28.8%) cases, unilaterally 2 septa in 5 (2.6%) individuals, bilaterally 1 septum in 45 (24%) individuals, bilaterally 2 septa in 2 (1%) cases, bilaterally 2 septa on one side and 1 septum on the other side in 26 individuals (13.9%), unilaterally 3 septa in 2 individuals (2%), bilaterally 3 septa on one side and 1 septum on the other side in 5 individuals (2.6%), bilaterally 3 septa on one side and 2 septa on the other side in 2 patients (1%) were detected (table [1](#T1){ref-type="table"}).

Analysis of the anatomical location of the septa within the sinus revealed that 45 (12.2%) septa were located in the anterior region, 254 (69.1%) in the middle region and 70 (18.6%) in the posterior region. The location of septa observed in all study groups demonstrated a greater prevalence (69.1%) in the middle region than anterior and posterior regions (table [2](#T2){ref-type="table"}). Measurements of the height of each individual septum varied among different regions. Comparison between the average septum measurements of PE and CE regions demonstrated statistically significantly higher values at all points of measurement (p \< 0.05) than other areas. Separation of septa found in PE areas into those located apically to remaining teeth (primary septa) and those in the proximity of edentulous areas (other septa) showed that there was no statistically significant difference between the heights of the septa in groups (p \> 0.05). On the other hand, primary septa in PE demonstrated statistically higher values compared with CE regions (table [2](#T2){ref-type="table"}).

The mean height of septa for males was 4.86 ± 2.01 mm, for females 5.02 ± 2.14 mm while the mean height for children and adult patients was 4.33 ± 1.92 and 5.5 ± 2.64 mm, respectively. The range of the septa in the study group was 1--10.3 mm for males and 2--15 mm for female patients. There were no statistically significant differences among the height values of maxillary sinus septa, with regard to gender or age (p \> 0.05). Moreover, the angle of the septum in the anterior maxillary sinus region ranged from 34.1 to 90.6°, with a mean of 62.2 ± 15.05°, the angle of the septum within the middle region ranged from 44.8 to 118°, with a mean of 75.8 ± 18.6°, and the angle of the septum in the posterior maxillary sinus region ranged from 58.1 to 123.6°, with a mean of 90.75 ± 19.4° (table [2](#T2){ref-type="table"}). Significant differences in the angle of the septum were noted between the anterior maxillary sinus region and posterior region (p \< 0.05). All detected septa showed a mediolateral orientation.

Discussion {#sec1_4}
==========

The 58% prevalence of septa in this study was higher than the 16--33% reported in previous studies \[[@B4],[@B6],[@B7],[@B13],[@B26]\]. This difference could be attributed to the difference between the radiographic examinations. The higher prevalence in our study was based on the thin slice interval of CBCT images (0.3 mm). As for the location of the septa, a greater number of incidence was found in the middle regions while several studies \[[@B6],[@B7],[@B26]\] had observed them in the anterior \[[@B5],[@B9],[@B13]\] and in the posterior regions \[[@B5],[@B9]\]. The morphology of septa did, however, demonstrate significant variability. This is evident in the results obtained from measuring each septum at 3 aspects along its medial-lateral dimension. These differences could be due to comparing septa from totally edentulous areas with septa from PE ones \[[@B4],[@B6],[@B7],[@B9]\]. However, our results were contrary to these as the mean height of septa in CE cases was higher than both septum types of PE cases but is similar to the results which were obtained by Koymen et al. \[[@B5]\].

Previous studies reported different heights for the septa ranging from 5.6 to 20.6 mm \[[@B5],[@B7],[@B9],[@B13],[@B24],[@B25],[@B26]\] in other populations. However, the mean adult septum height of our study was lower than those of some other populations \[[@B4],[@B6],[@B7],[@B13],[@B24]\].

The probable reason for the differences is that Neugebauer et al. \[[@B24]\] did not make any distinction between children and the adult population in their study while Naitoh et al. \[[@B25]\] examined only dry skulls of children.

As surgery involving the maxillary sinus segment is applied more frequently, radiological evaluation determining the sizes and localizations of the septa has gained importance. The panoramic radiographs and the CT scans are the most frequently used radiological methods for planning dental implants \[[@B6],[@B7],[@B15]\]. When comparing incidence of septa in both radiological techniques, several authors have observed false-negative results in the panoramic radiographs \[[@B6],[@B7],[@B14]\]. Some authors have had results with 50% false-negative findings \[[@B14]\].

Studies indicate that CT scans are more reliable than panoramic radiographs in the preoperative analysis. Today, CT can be performed in axial and coronal planes with 3-dimensional views for diagnosis and treatment of this region \[[@B27],[@B28]\]. The 3-dimensional CT avoids the superimposition and problems due to magnification and offers to visualize the craniofacial structures with more precision than the 2-dimensional conventional methods. Despite these advantages, the effective dose of CT is much higher than that of the conventional radiographs and also an expensive procedure, and scanners are not easily accessible \[[@B22],[@B23]\].

In the last decade, a technique called CBCT was proposed for maxillocraniofacial imaging \[[@B19]\]. The comparison of absorbed doses shows that the CBCT is similar to dental panoramic radiology, which has requirements that are considerably lower than medical CT imaging \[[@B21],[@B22],[@B23]\]. The effective dose (ICRP 2007) from a standard dental protocol scan using a traditional CT was 1.5--12.3 times greater than comparable medium field of view dental CBCT scans \[[@B23]\]. It was also stated that the image quality of CBCT was adjudged to be equivalent to that of traditional CT for visualizing the maxillofacial structures. Moreover, beam-hardening artifacts due to dental-care material and implants were weaker at CBCT than at multislice CT \[[@B29]\]. From the radiation point of view, CBCT examinations can be used instead of CT in order to evaluate anatomical structures like the maxillary sinus.

There are limited studies examining children\'s septa \[[@B24],[@B25]\] that have been published. With the advent of endoscopic sinus surgery in adults, studies were initiated to evaluate its safety and efficacy in children. Precise knowledge of the children\'s maxillary sinus septum morphology is important and allows exact planning of endoscopic sinus surgery and helps to avoid complications. It should be noted that maxillary septa also exist in children. The height of these maxillary septa was similar to those of adult patients without a significant difference in this study. The prevalence of septa has no relation with the patient\'s gender or age, but there are differences based on the type of edentulism. Differences between the results obtained from different studies may reflect variability between methods of measurement, tools utilized to gather data, and variation among populations studied \[[@B24],[@B25],[@B26],[@B27],[@B28],[@B29],[@B30]\].

Conclusion {#sec1_5}
==========

Septa of various heights and courses developed in all parts of the maxillary sinus; therefore, to prevent possible complications during sinus surgery, extensive evaluation with an appropriate radiographic technique is indispensable. CBCT was a powerful tool for the examination of this zone capable of making measurements and 3-dimensional representations of the region with less ionizing radiation.

![Reconstructed axial (**a**), sagittal (**b**) and 3-dimensional (**c**) images, as well as panoramic (**d**) and cross-sectional (**e**) CBCT images used for detection and measurement of maxillary sinus septa.](mpp-0022-0047-g01){#F1}

![**a** The points related to the septal height measurements medial (arrow a), middle (arrow b) and lateral (arrow c) in axial CBCT images. **b** Reconstructed panoramic images also showing the vertical dimension of the antral septa at three positions. **c** Image showing the measurement of the angle between the direction of the septum and median palatine suture.](mpp-0022-0047-g02){#F2}

###### 

Distribution of septa in maxillary sinus segments

  Maxillary septum type                                Septa        Patients with septa   Segments with septa   Edentate with septa   PE -- primary with septa   PE -- other with septa   CE with septa   Mixed dentition with septa
  ---------------------------------------------------- ------------ --------------------- --------------------- --------------------- -------------------------- ------------------------ --------------- ----------------------------
  1 septum on one side                                 123 (33.3)   123                   123                   59                    27                         27                       0               10
  2 septa on one side                                  22 (5.69)    11                    11                    11                    3                          2                        4               2
  Bilaterally 1 septum on either side                  136 (36.9)   68                    136                   85                    26                         19                       4               2
  Bilaterally 2 septa on either side                   12 (3.2)     3                     6                     10                    1                          1                        0               0
  2 septa on one side and 1 septum on the other side   51 (14.1)    17                    34                    24                    20                         6                        1               0
  3 septa on one side                                  3 (0.8)      1                     1                     1                     1                          1                        0               0
  3 septa on one side and 1 septum on the other side   12 (3.8)     3                     3                     3                     5                          2                        2               0
  3 septa on one side and 2 septa on the other side    10 (2.2)     2                     2                     6                     1                          1                        2               0
                                                                                                                                                                                                          
  Total                                                369 (100)    228                   316                   198 (53.9)            85 (23.03)                 59 (16.2)                13 (3.2)        14 (3.8)

Results are expressed as numbers with percentages in parentheses.

###### 

Summary of septum location, height and angle measurements according to dental status

  Dental status                Septum location, n   Mean septum height ± SD, mm   Mean septum angle 8 SD, mm                                                          
  ---------------------------- -------------------- ----------------------------- ---------------------------- ------------ ------------- ------------- ------------- ---------------
  Edentate                     19                   152                           27                           198 (53.9)   4.15 ± 2.08   4.85 ± 2.38   5.99 ± 2.92   74.75 ± 17.73
  PE -- primary                10                   49                            26                           85 (23.03)   3.18 ± 3.39   4.88 ± 3.18   6.54 ± 3.27   76.22 ± 20.89
  PE -- other                  10                   40                            9                            59 (16.2)    4.54 ± 3.87   6.22 ± 3.92   7.09 ± 4.11   74.11 ± 21.63
  CE                           3                    7                             3                            13 (3.2)     4.70 ± 1.82   5.33 ± 2.64   6.88 ± 3.42   77.11 ± 18.90
  Mixed dentition (children)   3                    6                             5                            14 (3.8)     4.12 ± 2.88   4.32 ± 2.90   4.55 ± 2.88   74.18 ± 20.32
                                                                                                                                                                      
  Total                        45 (12.2)            254 (69.1)                    70 (18.6)                    369 (100)    3.73 ± 0.76   5.12 ± 0.88   6.21 ± 1.01   75.29 ± 19.89

Figures in parentheses indicate percentages.
